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Abstract. Although the potential of morphometrics for the study of archaeolog-
ical artefacts is recognized, quantitative evaluation of the concordance between
such methods and traditional typology and the potential of these techniques as
supported methodologies in the archaeological analysis is a pending task. We
present a new method to characterize and classify wheel-made pottery by its pro-
file, using Mathematical Morphology. Each piece is represented as a vector, ob-
tained by sampling the so called morphological curves (erosion, dilation, opening
and closing), and Euclidean Distance is used as a similarity measure. The pro-
posed technique has been studied using a sample of 1133 complete ceramic ves-
sels from the Iberian archaeological sites from the upper valley of Guadalquivir
River (Andalusia, Spain), showing that it is compatible with the existing corpus,
established by experts.

Keywords: Ceramic Profiles, Typologies, Shape Matching, Mathematical
Morphology.

1 Introduction and Related Work

The study and analysis of archaeological ceramics constitutes one of the most frequent
activities of the archaeological work, which consists habitually of classifying the thou-
sands of ceramic fragments gathered in the interventions and selecting those that con-
tribute to deduce forms, functions and chronology [1].

The different criteria used in the elaboration of classifications do not contribute to
homogenize the analysis of the pottery shapes, since the election of criteria depends
on each researcher and moment [2]. In this sense, Shepard saw three phases in the
election of criteria: the study of whole vessels as culture-objects; the study of sherds as
dating evidence for stratigraphic sequences; the study of pottery technology as a way of
relating more closely to the potter, but she did not try to put dates to them.

Chronologically, the most used criteria have been artistically, typological, functional,
technological, statistical, and contextual. Finally we can see developing interest in inte-
grating ceramics into a wide analysis of finds assemblages. This must be the next step
in ceramic studies: having integrated the various aspects of ceramics studies in the con-
textual phase (1960 and after), we must now begin to integrate ceramic studies into the
wider field of general finds assemblages.
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Morphology-based classification systems (do not confuse with Mathematical Mor-
phology, the theory in which our method is based) emphasize the attributes of the shape
of a vessel. Starting from the early works of Shennan and Wilcock [3], many systems
have been developed to classify vessels from the shape of its profile [4]. Some methods
try to find parametric representations of the shapes [5], mainly for archiving purposes,
and measurement of different volumetric features, such as height, width, diameter or
volume [6]. Other methods are designed to allow the automatic comparison between
profiles. In [7], a measure based on the overlap maximization between two profiles is
defined, although the authors recognize that it is not well suited for vessels because of
the elongated shapes of the profiles. Other works rely on local features, such as con-
text descriptors [8], to characterize profile shapes [9], along with a multivariate analysis
to compare and group profiles into clusters of similar vessels. Other authors [10, 11]
propose a profile representation based on a continuous, sub—pixel approximation of the
profile shape, and calculate its radius, tangent and curvature along the contour. Similar-
ity is then computed using a weighted Euclidean Distance.

This paper presents a novel method for encoding morphological data of wheel-made
pottery profiles, in order to be later recovered and compared, providing us with a tool
to help the archaeologist to find in a profile database the most similar classes to a given
shape. Each profile, defined as the cross section of the vessel in the direction of the rota-
tional axis of symmetry (see Figure 1), is characterized by means of several morpholog-
ical curves [12, 13] extracted from its shape, a method that has been used successfully
in other shape recognition related problems [14, 15].

The Iberian pottery (S.VI B.C. — I A.C.) from the upper valley of Guadalquivir
River (Spain) has been chosen for this purpose, because is a well documented region
with many excavated sites [16—18]. The selected ceramic material for the morphological
analysis comes from different archaeological settlements located in the provinces from
Jaén, Granada and Cordoba. Most of the ceramic vessels have been documented in the
province of Jaén, since they pertain to Iberian period.

This paper is organized as follows: Section 2 is devoted to explain the corpus of
pottery, provided by experts, on which our experiments are based. Section 3 explains
the fundamentals on morphological analysis, and how it is used in our method. Section
4 shows in detail how the profiles are characterized and classified. Experimental results
and conclusions are shown in Sections 5 and 6.

2 The Corpus of Ceramics and the Traditional Classification

The selected ceramic material comes from different archaeological settlements located
in the East area of Andalusia, specifically the provinces from Jaén, Granada and Cor-
doba. Most of the ceramic vessels have been documented in the province of Jaén, since
them pertaining to Iberian period (S.VI B.C. — I A.C.). In this area has been one ex-
panded tradition with respect to the study of ceramic typologies of the Iberian period,
emphasizing the works of Pereira [19] for the Iberian painted ceramics of the valley of
Guadalquivir.

The combination of different archaeological sites, with different chronologies makes
the accomplishment of a diachronic and synchronous study possible, allowing to con-
trast materials of different archaeological sites with different chronologies.
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In total, we have a database of 1133 vessel profiles, corresponding to Iberian pottery,
found in 16 archaeological sites belonging to the upper valley of Guadalquivir River
(Spain).

Our classification is based on morphometric criteria supervised by an expert. Several
formal parts of a ceramic vessel have been differentiated (lip, neck, body, base and
handles) to facilitate both the comparison between vessels. Classes are defined taking
into account the presence or absence of parts, and the ratio between their sizes.
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Fig. 1. Example profiles of each of the eleven classes

Following this classification criterion we have defined 11 classes (representative pro-
files are shown in Figure 1). The first nine correspond to closed forms, while the latter
two correspond to open forms:

1. Shapes in which the body predominates over the other parts of the vessel. The shape
of the body is oval.

2. Shapes in which the body has form of conic bifrustum. The joints of the different
body parts are discontinuous.

3. Shapes with developed, parallel walls neck, and body globular body.

Shapes with developed, divergent walls neck, and globular body. This shape is also

named chardon vessel.

Shapes with cylinder body. Also known as kalathos.

Lengthened shapes.

Shapes with profile in form of S.

Shapes with globular body. The joints of the different body parts are continuous.

Shapes with globular body and a largely developed rim.

Shapes with semi-spherical body.

Shapes with semi-spherical body and reversed rim.
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3 Morphological Filtering

Mathematical Morphology [12] is based in set theory, and provides us with a powerful
approach to numerous image processing problems [13]. A morphological description of
a binary image is the set of 2D vectors representing the coordinates of all the foreground
(black in our case) pixels. One shape within an image can be represented as a random
set A, where the probability that a point x belongs to the A is p = P(x € A).
Given a set W of points representing the entire image, the above probability can be
approximated by [20]:
_area(ANW)

area(W) M

We define er,dr,or and cr as the erosion, dilation, opening and closing operations
applied respectively to the point set A by structuring element 7. It can be clearly stated
that ey < or < cr <dr. Varying the size of T, we can obtain four curves from a given
shape A (Figure 2). These curves are monotonic with respect to the size of T, and
represent the surface ratio variation between the area covered by the initial shape and
the result of each morphological operation with different sizes of 7.

Dilation
= Closing
Opening

— — - Erosion |

Fig. 2. Erosion, Dilation, Opening and Closing characteristic curves of a profile of the database,
using an isotropic (circular) structuring element, normalized by the area of the profile

We will use the curves we have just defined, computed with different structuring
elements, to obtain a characteristic vector for each profile in our database, starting from
a binary image representing the shape of the corresponding vessel. We will describe in
detail the full process in the following section.
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4 Profile Characterization

To obtain a characteristic vector for each profile, we will follow a three stage process: a
pre-processing step, where we split the profile into several parts; a morphological step,
where the four characteristic curves are computed with several structuring elements for
each part; and finally the characteristic vector computation itself.

4.1 Pre-processing

In order to be processed, we start by splitting each profile it into several parts and
compute the characteristic curves from each of them. We will define d as the length of
the line segment joining the upper point of the profile rim u with the lowest point of the
base v (Figure 3). We also denote p as the lowest profile point located at the rotation
axis. Three sub-profiles are then defined:

— Rim: Points whose distance to u is lower than d /3.
— Base: Points whose distance to p is lower than the distance between v and p.
— Body: The rest of the points.

If the horizontal distance between v and p is lower than their vertical distance, we
consider that the base sub-profile is empty.

Our base and body parts correspond respectively to the base and body parts defined
by the experts, while our rim part corresponds approximately to the union of lip, neck,
and eventually the handle, if present. In the experimental section, we show results with
characteristic curves for rim, and body parts, as these are the ones that are used by
experts to assign a class to a given profile.

Fig. 3. Segmentation of a profile into rim, body and base parts
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4.2 Morphological Curves

In order to capture features with different orientation, we will use several anisotropic
structuring elements. Specifically, a centred, variable length line with a 1-pixel constant
width, with two parameters: an orientation angle, and the length of the line itself.

To align the points where the characteristic curves will be sampled, we have used
the following strategy: first, we obtain the minimal length / for the structuring element
that completely eliminates the shape by erosion, and then sample the erosion, dilation,
opening and closing curves with a set of lengths obtained by multiplying / by several
fixed coefficients. This procedure makes our technique scale invariant. Finally, once
computed, each curve is normalized by the area of the initial profile so that it gives us a
value of 1.

4.3 Characteristic Vector

After segmenting the initial profile into sub-profiles, the four morphological curves
are computed and sampled from each sub-profile and anisotropic structuring element,
giving us a series of coefficients that we assemble into a single vector. With two sub-
profiles, N angles for the structuring element, and four curves sampled in Q points we
obtain for each profile a vector of 2 x N x 4 x Q components.

In our experiments, we have used N = 16 different orientations for the structuring
element. Also, the set of coefficients that multiply the minimal length / previously de-
fined is {0.15,0.2,0.3,05,0.75,1},s0 Q = 6. Therefore, we have a vector of length 768
for each profile.

5 Experiments

Our database has 1133 profiles, grouped into 11 classes, ranging from 10 to 373 ele-
ments each. Profiles are represented as white background PNG binary images, ranging
from 0.5 to 2 megapixels in size, proportional to the actual size of the corresponding
vessel. However, the size of the images is not relevant, as long as they have enough
resolution, as the lengths of the structuring elements are scaled independently for each
one.

In all of our experiments, similarity between two profiles has been computed as the
Euclidean Distance between their associated vectors. Firstly, we will show the first 10
nearest neighbours of some sample profiles, along with the measured similarity for
each one (Figures 4 to 6). As can be seen, the recovered profiles correspond with the
typologies defined by the experts.

We have also carried out a classification experiment, using a leave-one-out cross val-
idation strategy. For a given profile, we select the class that appears more times among
the M nearest neighbours. Results with one, three and five neighbours are shown in Ta-
ble 1. We have compared our results with the ones obtained by the method proposed
in [11], obtaining clearly better recognition rates. We can also see that increasing the
number of neighbours does not improve classification rates.
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Fig. 4. Most similar shapes to a given example, using our Mathematical Morphology based simi-

larity distance. Similarity distances are shown under each piece.
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Fig. 5. Most similar shapes to a given example, using our Mathematical Morphology based simi-

larity distance. Similarity distances are shown under each piece.

Table 1. Classification rates obtained by our method and the one proposed by Karasik ez al. [11]
and previously propounded by Saragusti ez al. [10], with 1, 3 and 5 neighbours

Neighbours (M) Morphological Vector Karasik et al. [11]

1 85.70% 76.88%
3 84.20% 74.93%
84.47% 74.23%

5
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Fig. 6. Most similar shapes to a given example, using our Mathematical Morphology based simi-

larity distance. Similarity distances are shown under each piece.

Figure 7 show the normalized confusion matrix with one neighbour. Each row con-
tains all the profiles of a single class, while each column contains all the profiles that
our method assigns to the corresponding class.

We can note that our method classifies wrongly many class 2 (biconical trunk) and
class 9 (globular with large rim) profiles as class 8 (globular), but not conversely. This is
possibly due to the small size of classes 2 (47 samples) and 9 (22 samples) versus class
8 (293 samples), together with the fact that these three classes are morphologically very

similar.
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Fig. 7. Normalized confusion matrix resulting of the application of our method to the database,

using the rim and body sub-profiles
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6 Conclusions

The above-mentioned investigations demonstrate that in the field of archaeological in-
vestigation of pottery the collaboration between archaeologist and computer scientists
permits the development of useful applications for the classification of archaeological
ceramics.

We have proposed a new method to classify vessel profiles, based on well known
mathematical operators, that captures most of their morphometric features, allowing
us to identify the most similar profiles in a database. Through this methodology for
measuring the similarity between ceramic profiles it is possible the search of parallels
in a particular region, that in this case is the upper valley of Guadalquivir River (Spain),
showing the concordance between morphometrics and traditional typology.

Our vector characterization captures the morphological features of the profiles. The
results are clearly better than the ones obtained by other, state of the art methods. Al-
though, unlike others, our representation does not allow to reconstruct the profile shape,
the graphical data that we use as input is compact enough to be stored together with the
vector itself.

As a future work, it would be interesting to include the base part of the profiles into
the characteristic vector, and compare the results to know if it gives some improvement.
Other interesting work would be the use of our method to obtain an automatic clustering
of the database, and compare the resulting classes to the ones defined by the experts.
The proposed technique can also be used with other similar profile databases, in order
to better test its applicability.
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